This study aimed to assess the effect of hybridization on thermomechanical properties and water absorption of composite materials, by introducing sisal fiber tissue into the material. To that end, two composite material plates were manufactured, the first with five layers of E-glass reinforcement mat and the second with three layers of E-glass fiber interspersed with two layers of sisal fibers, both used as an orthophthalic polyester resin matrix. The material was then submitted to tensile, three-point bending and water absorption tests. It was observed that hybridization causes a change in both the final strength and stiffness of the material.
Due to the search for new technologies and materials, studies on polymer composites have been gaining ground in a number of industrial sectors, with the aim of reducing costs and the damage caused to the environment. In this context, several researchers [1] [2] [3] [4] [5] [6] [7] , have applied natural fibers with reinforcement in composites, in order to decrease the industrial use of synthetic fibers. Unfortunately, the development of composites made solely with natural fibers significantly reduces their mechanical properties compared to those made with synthetic fibers. Thus, hybridization could be an alternative to using natural fibers without a significant loss of strength and stiffness [8] [9] [10] [11] .
Another characteristic of natural fibers is their ability to absorb water (hydrophilic) [12] [13] [14] [15] . Thus, it is always important to assess the effects of this phenomenon on the final mechanical performance of the material.
Among the natural fibers reported in the literature, such as pineapple, jute, coconut, curauá, sisal, rami [16] [17] [18] [19] [20] [21] , it was decided to assess the use of sisal fiber due to its extensive production in Brazil (254,427 t/year (IBGE) (Brazilian Institute of Geography and Statistics), biodegradability, recyclability, low density, nonabrasiveness, low energy consumption, low cost and ready availability in the market. There are several literature references [22] [23] [24] [25] , showing that sisal fiber can be used as reinforcement with both thermoplastic (Polyethylene, PVC, Polypropylene) and thermoset matrices (Polyester and Epoxy). The orthophthalic Polyester Resin (UPR) was used as a matrix because of its low cost and ease of lamination.
Thus, the objective of this research was to study the mechanical properties of tensile strength and three-point bending of two laminates in the dry and wet state. The E-glass mat fiber laminate has a stacking sequence consisting of three E-glass fibers, interspersed with two layers of sisal fibers. After mechanical properties were determined, microscopic analyses were conducted in the region of the fracture in order to better understand the absorption and fracture mechanisms.
MATERIALS AND METHODS

Manufacturins Process
Unsaturated orthophthalic polyester resin, pre-accelerated and catalyzed with 1 % by weight of ethyl methyl ketone (MEK-P), was used to manufacture the composite materials. The curing process occurred at ambient temperature.
The reinforcements used were E-glass fiber mats (GM) with grammage of 450 g/m² and sisal fiber tissues with grammage of 800 g/cm², manufactured on a hand loom. The sisal fibers were arranged in strands with approximate weight of 1.7 g, first along the warp and then the weft. At the end of the process a bidirectional sisal tissue (ST) was obtained, as shown in Figure 1 . Next, the composite laminates were manufactured using the hand lay-up technique. The stacking sequence used produced two 5-layer laminates, one with all layersmade of fiberglass mat [GM] 5 and a volumetric density of 1.51 g/cm³, and the other a hybrid laminate with three layers of fiberglass interspersed with two layers of sisal tissue [GM/ST/GM/ST/GM] and volumetric density of 1.17 g/cm³. The volumetric density was obtained using the ASTM D792 [26] . 
Tensile and Three-Point Bending Tests
Tensile and three-point bending tests were conducted using a Shimadzu AG-X universal testing machine. The test procedure and test specimen dimensions were obtained from ASTM D3039 [27] and D790 [28] , for the tensile and bending tests, respectively. For each case assessed, at least five test specimens were used, with dimensions according to their respective guidelines. Maximum strength, modulus of elastic and strain were analyzed for all the test specimens.
Water Absorption Test
The water absorption tests were conducted in distilled water and based on ASTM D570 [29] . For each laminate, five test specimens measuring 25 mm x 76 mm were used. The edges of the samples are sealed with resin to avoid capillarity of water.
The test specimens were cut, measured and weighed before being immersed in water at ambient temperature. Since absorption is greater at the start of the process, the samples were weighed in the first 12 h and after 24 h measures were taken every week. The material was considered saturated, that is, could not absorb more water, when absorption did not exceed the previous measure by 1 % or when the absorbed weight was less than 0.005g between weighings.
It is important to underscore that the tensile and three-point bending tests were conducted in both dry and saturated samples for both laminates.
In addition, we analyzed the value of the diffusion coefficient (D) and coefficient of Fick, this parameter is the absorption rate, ie in this case the speed that the water is absorbed by the material, so that a material with high diffusivity coefficient will absorb large amounts of water quickly, something undesirable in most applications, while a material with a low value of diffusion coefficient takes a long time to absorb water even absorb large quantities at the end of the test. Equation 1 [30] then refers to the calculation of the Fick coefficient (mm 2 /s).
Where D is the coefficient of Fick, h is the mean thickness of sample (mm) mm and the maximum moisture absorbed t2, t1, M2 and M1 are time points (s) and humidity respectively obtained in the linear region (initial) humidity test.
From Fick obtaining the coefficient may be constructed to theoretical curve of water absorption (G), represented in Equation 2 [30] . Where t is the time in seconds, and D shows the diffusion coefficient.
RESULTS AND DISCUSSIONS
Mechanical Tests in the Dry State
The results obtained for the tensile test showed that the hybrid laminate (SGH) exhibited greater dispersion than that of the E-glass fiber mats (GM), as depicted in figure 2. Two factors could explain this situation: the first is the fact that sisal fiber had greater dispersion in both strength and stiffness, causing variations in the mechanical properties of the laminates containing this fiber, while the second is linked to the hybridization of the composite, given that the abrupt change in material between laminates increases interlaminar stress. These factors are also observed by other authors [31] . With respect to mean mechanical property values (Table 1) , introducing sisal tissues reduced strength by 36.18 MPa (37 %) and stiffness by 1.44 GPa (52.6 %) from laminate GM to hybrid laminate SGH. These results were expected, since the addition of a natural fiber (sisal fiber in our case) instead of a glass fiber decreased the mechanical properties of the composite [32] . Breaking Strain (%) 3.14 6.59
The sisal fiber presented a density less than the fiberglass (ρ sisal = 1.26 g/cm³ and ρ glass = 2.68 g/cm³), and the density of the composites presented in item 2.1 was 1.17 g/cm³ for SGH and 1.51 g/cm³ for GM. Considering the density of these materials in the analyses of their mechanical properties, it can be observed that these properties also decline from the GM to the SGH (Figure 3 ). However, this decrease is lower than that obtained disregarding the density of the material, in which there was a difference in strength of 14.6 % (versus 37.2%) and stiffness of 29.2% (versus 52.6%). This result demonstrates that, despite the loss of strength owing to the use of a natural fiber, the feasibility of using this hybrid composite is justified if the aim is lower cost and lighter weight [33] .
Data dispersion on bending tests (Figure 4) , was smaller than in tensile test. (Figure 2 ). The mean mechanical property values (Table 2) show that hybridization interferes more in the final strength of the composite than stiffness, with a 51.53 % and 21.67 % reduction respectively, different from what occurred with these materials in tensile tests, where a greater decrease was obtained for stiffness than for strength. When we consider the density of both materials, hybrid composite SGH exhibited practically the same stiffness as composite GM, since the difference between the two was 0.08 GPa, demonstrating once again the feasibility of the hybrid composite. These results can be better visualized in Figure 5 , which contains specific stress and stiffness values of the materials for three-point bending tests. Figure 6 shows that absorption behavior changes; when hybridization is performed, both laminates initially showed linear behavior, with a decline in the absorption rate (Fick's behavior) and a different saturation time. Another factor observed is that sisal fiber is hydrophilic, with 5 % absorption for the hybrid laminate. As expected, the hydrophilic characteristic of sisal fiber caused the hybrid composite (SGH) to absorb a larger amount faster than GM (Table 3) , where the diffusivity was 1.51x10 -6 mm 2 /s for laminate GM and 6.64x10 -6 mm 2 /s for laminate SGH [34] . 
Water Absorption Test
Mechanical Tests in the Saturated State
After a period of saturation, tensile tests showed that the laminates tend toward linearization, and that the Elastic of modulus laminate SGH (Figure 7b ) declines in relation to laminate GM (Figure 7a ). There was also a reduction in the tensile strength limit (Table 4) , where loss of strength was 53.4 % compared to the GM material under the same condition, while stiffness decreased by 51.9 %. The flexion tests ( Figure 8 ) it was verified that the moisture influenced significantly the mechanical properties of both materials (see also Tables 2 and 5) than the observed in tensile testing, where the highest decrease in resistance was found for GM laminate, with 23.5% loss in flexion while tensile was only 2.5%. Whereas the SGH laminate has 30.6% for flexion loss and 28% for tensile loss, behavior also observed by other authors [34] . A scanning electron microscope (SEM) was utilized in order to better understand the decrease in strength and elastic modulus, in which was verified a good fiber/matrix adhesion in the composites in dry state for all fractured region (Figure 9) , but for the materials tested in wet state showed a large non-adherence at fiber/matrix throughout the fracture region ( Figures 10 and 11 ), this behavior was observed more frequently in sisal fiber, which probably occurred due to the hydrophilic nature of this fiber [14] causing large absorbing of water by capillarity and facilitating its accumulation in the fiber/matrix interface and considerably decreasing the hybrid composite resistance [21] . 
CONCLUSION
Based on the presented results, it may conclude that:
-Sisal fiber woven fabric may be used as an alternative to glass fiber mats for composite hybridization, especially if it is important the density relation with the resistance; -The hybrid composite on sisal fiber base has a large water absorption compared to reinforced composite with glass fiber and this absorption occurs rapidly as demonstrated by the Fick coefficient;
-Due to natural fibers capillary to water is deposited easily and in large quantities in the fiber/matrix interface significantly reducing the mechanical resistance of these materials, due to this, it may be assert that these materials are not suitable for applications with moist atmosphere.
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